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(54) METHOD FOR REDUCING SHRINKAGE DURING FIRING OF CERAMIC BODIES 

(57)Abstract: 

PURPOSE: To reduce distortion of ceramic bodies by reducing X-Y shrinkage during firing of 
the ceramic bodies. 

CONSTITUTION: A ceramic solid layer (called a constraining layer) dispersed on a volatile 
solid polymer binder is applied to both upper and lower faces of an unfired ceramic body 
including firing inorganic binder (glass) to evaporate the polymer binder from both of the 
ceramic body and the constraining layer. The ceramic body and the constraining layer are 
fired at a temperature and for a time enough to fire the inorganic binder in the ceramic body to 
remove the constraining layer from the fired ceramic body through cooling. The constraining 
layer is made of fine powder particles of the non-metal inorganic solid dispersed in the volatile 
polymer binder, and it is required that the fired inorganic binder is not penetrated into the 
unfired ceramic body more than 50 [im, and in order to easily remove the constraining layer 
after the firing, the inorganic binder should not be penetrated into nor interacted onto the 
constraining layer furthermore during the processing. 
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(54) imom] •fe^syi'fltott^cBioiiaBfijai^atts*?* 



(57) [S«I] (^lE^) 

«:afflU )S'Jv-/W>y-*-fe^5^/i;*i:atllii(H 



^5- 



1 

<!>^A>)t 6 0 mxh-fi-ib^m:!^ 1 IBtt<7};&t£. 
a*»«6«iSi^ai«i)B©4epao5*a< tfe i o j^tss 

t 5 0"Cgntt*« 1 IE«ro*& 
CS*« 9 ] 3a«JB*®*^)S««B#:*«"fe 9 5 y f 

mmibi>mm, i 

h> Al«Oi, CeO>, SnOt, MgO, Zr 

i'HfraSA 1 ,0>, SI Oiagt^K-tnSOS'&ftlRt^ 



(2) «HS¥4-2 439 7 8 

2 

y©3 0-7 0$ft%S«^U ^-UTSiltlJSO^^H 
j!StlB#^%a*^j»JSSar*3ft«y)i© 10-9 0$S%S 

««-r%ii*:s 1 3 wmirn^. 
©Btt:®¥^ia^-ti--i'x*«i~2 oai^n^Tjio, -t 

©* 5 feJST © 3 0 ^fi%eiTtt 1 5 i'D >eiT©fi[?' 

1 7 ] imm. 9 5 -y i^x-P^Sj^fiSMJc^ 
8B«©m 

yi'lfift:©M«1fclS@S-ar^if*:S 1 7fBe©:3?S. 

n9->^^^mm, \ 7XB1 8®wrn;i>-3Bsa« 
©m 

^dii:^i3Stt©m 

■f-©{i-&«jxtt^^T*5st*«2 iia«©m 
s©&^-e*«H*^2 2E«©:#^. 

[»#3B2 5] *«S«-fe95'yi'5'- :/©'>»< tfe 
1 ■3®ett<-©J:te^R©«^M«ffitt'^-;^ 

■r*»*Hi3g3«©m 
-7&^ai*j«2 5£tt©m 

IW«a 2 7 3 J»«©«»W«lltt'^-X h*»fittH 
40 [fS*%2 8} a) n+ljf9©^jA1£3fift!l@&3£S 
irt. C:c-Cnlj:jE©S»T$i5, &*«§fi2-fe95yi' 

e, ^ 5 1 QXttS»©-fe 9 5 -y T— :/©©*> e 
& O. «5lffi!ISt3:»«tt'i* 'J Y-A'-Y V^'-ffc^*^ 

«&>(f ©«»-r 9 5 <y ^'^©gffi lCffiS»t-a 
SliT*D. bA»Ua;A«6-fe95 5;i^#©«l«Sffiil«-'t 
50 'f >^'-©3JiIB'\©SaB5 0 tf mKTTftSfcWt 
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3 

U. 

b) #'JT-/H>^'-S'fe7 5'yi'«: (lOXtttt 

c) *i/sar*tyu::^&?&au -turd) 
mam 2 9 1 »S!ftBa#^« u t-z-co^-* 

b) ^mmm^mmz^m<m^xmii^<=>fiim^ 

fc«Ji$-a-«S*S3 0E«O5^. 
C»*«3 2] ^0^U< tfe 1 t3©SB±fcj?Kro 

Ifi»«« 3 3 ] JSM/^^'->*J-t 7 5 y i7»(0mmM 
3 IE«®«-&*jB«-fe9 5 

[a*il 3 5 ] JPK/X5'->ASfittl8-C»«BI«JB 3 
3 E«©«^j»*-t5 5 y 

^'->©W*Sfift?B«3a3 2Xtt3 3®v>-fn*>-s 

[000 11 



(3) i|#IIS*4-24397 8 

4 

[00 0 2] 

10 10 0 0 3] -jKcffiitJam^iiKiisssflceTiieiiif 
«ji 1 1: J: i3^*ii3n5»s®««ft:A» e.8!*sn« £ 

to 0 0 43 *jfigis*fpa— j:<tten&*»tt 

^»®-fe 9 5 y ^-ysim^^s H^<ijaf^>;^j4 1 

•3. il®SI«*®±Ctt»<l*^AJHlBlJSn-C«»3. XS 

&JR^t*nfc/N'-T7*^*« (Steinberg, *eii|*fFS4, 
6 5 4.0 9 5^#Bg) . x-:/g&a»)lC«l*a 

SI«frSilR»K-r*. i:®*St«rAW;5; mm (thic 
k rilm) J StCtb'^Tigf.S^jfeSAtllHl®*-?*!?, H 

::t®*«5»«ft*JS©l£«i£«(l8-r«ft|jSaj$o. u 
)5^b^*«6>. C®:;?SBjKi«®WfcSC:S'R*BS&aiB 
•r«®*tBB;5:j:i:dJifc5tVi5XiaS«f:>. 2:®:&iS 
0^«S5ttB»K:;*:«V»«Di«aia»T?a*U<«<. ^• 

30 ®jeM«o7-fe>:/'j-iftf^®i8aei»e*B2:-rj:t#s 

[0 0 0 5] ftlJS«gjgXl**^y h^UT^m. 

4, 5 8 5, 7 0 6^;Kingefy^ r-fe^ = ^?XAP! (I 
ntroductiOD to Ceramics) J (Wiley, 1 9 7 6^). 
5 0 2-- 5 0 3-^-S?#ro . ffl*)iS!*fflV>:5-fe^* 

ti^ty^ yc^^ax<Dm^\z^x^t»^'i^<Dm\i^m 
[0 0 0 6] ^m^o^m^f^m^o 7/4 66.93 

5^? ai/i:'fe^5?;ir#(Dm©WU-X®ttlf»«**3ffifrf<& 
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(4) 



!f^^if4-2 43 9 7 8 



5 



6 



m^^ti. ^Oifi^stt. ifymm^m^. mMSfc^f^t -Y^mtm^^^m^r^o ^mmmo, 012- 

[0 0 0 7] Flaitz^ (^iHll^fFIP^O 2 4 3 8 5 8 y ^ y ^mi^tmm^f^m/^^ >y-t<7>WgimL^<D 

5o ^-oiimtn&^(r>9vm (mm) omz'm\-^^m b) ^^^^y^y^v^(r)^m\z-^mtmm^. 83 

m:::.(o:^mtn'^W^'h^mm'^^^<o±^mz fcffiffib, ;iiiTttf^3ii»jati»«tt*UT-A-f >^ 
(air bearing force) ^a^T^V>1*n*>fc ^ lita^yx^^^OtL. 

^^m^^m\mmmmommx\tmitr. x&» Rmm/u>y-^±y^yc^»^'xmr 
(D\^^f}^rs.:bummf^. t^»mm^m^m\z0 20 ^\z-^m^m.m^xm,mm^^^^ 

^^^mu 'ty^y^\zmnt'^t. m\z^%x^mn d) mmh^m^mnh. ^lt 

u<r>w[)mx\m^'^r. ^Lxmmmmm^±'i^/ e) mmmm^m^^'^y^y^«^t^m< 

mmn^^'^\zWR^ri^. ^mmmmmno^^ wmxmf^^^u^^yB.y!;W(i>»m\^x-Ym& 

n^(D^^'^im\y. ^n\z^y)^iyB.v^^^(Dtm ^m^t^^^i^mz^r^. 
m\m^. mm^m&\z»tm^i»m'^^it^. m [00123 «^(^«8«»c*5ViTtt, *«M»»«ttffl 

CO 0 0 8] y^-t.<omt^ik=r'(Dm'^mfi^^ti^ 

[«6*OS«l PlaitzS, EPO 87 105 86 8. «^*jK^ir95 ^^ftfclllU tfl8Btt'&*SI^'fe75 

^^m^mi&^m^it^z:^^mm:n^mr -^m^^. ^hxwsk\z-m%^xh^. 
^im^nitmi^-i^mzm^. ^?iaTfig@ co o 1 3: sEi^j^jcDsg^ic^fev^m, ^mmtim^ 

^m.-^ ^^y^ omzic^fsimmm^y^ y^m&^ ±y^y^i^(7)^M£<t^i::> \z^MM ^mm 

{zmm^'^xiitmomti^mMt^ z.tu<±y^yc^ u, ^8i*»i^i!i«ic<fc 0 vk<mmiMt^^u^»^*, 

(Dmmmmzmm-^. mkmmf^mm^m^i^x mgL^y^y^'r-':foym&^m\zmh. ^crtut^^ 

^<Dmnm^±^t^m^i^^t^mnL. ^Lx^gi m^-ty^y^mm^mmmM^^z^m^'^^m^ 

CO 0 0 91 Arnold®. *H«rff®4. 5 2 1,44 9^ ^iCiJ'ftSlirfc^&RtiaH^roasmk^d^e^a^.. 

*«rfrii< \^^y-( yx&m-^n. m^&^m^-:^ h co o 1 4) mw(Dmm} 

y^^^osij^s^iatrf ^fe8?)-fe^^^/^«3|6fKm^® mxh^> zLzx\mmm^^¥^<r>nm\zmz^x^ 

i^nm\tmm^^y^y^m\zmumh^^ (i t*»5. ffl«cos<*:$s#(D«fiofi!iicw»$ii:T««, 

[0 0 103 Debutsky^, :*gi|#W®4, 3 4 0.4 3 6 m^^-arTSO. ftWtf&^S^tffiSfcSJ^^-a-fcSfiftllB* 

^ ^-o. ^A\mmmz\ytiifix^x\^^fi^^'ty^yi;/ 



^8- 



7 

(wetting angle) i<;0ffiMC0^^7S^T^5« 

[0 0 15] ^"^(mm 

[0 0 16] m^nm(o^s mmn-o^-^m^-^^ 

[0017] 2^^^co4»'Ci^ttir"7aty^[5l]?S)i<^loX 

(1) "ttwmf^^m^mizm^^m^^mmzu 
{>^'^^i^-'vmm»(Dm»mmmv. ^bx (2) 

t^, 30 

[0 0 18] ^msxmmi!&&o>^m\z^\'f^m^^ 
i&^zw^'^'^^ft^. ^n^'^m^mthx^m^'^y 

(i^x\tmm omm\zmmz-sc'S'ft^^t^'ajm 
-^m^mmonmt. mmmomm<oti::6\zi:r)m\ 

^m^'y-htixm^Vs ^m^^y^y^\zmm^ 
^^ztfflx^^. mm\mmMt'ty^y^i«^om 

0\zmz^iAx^^o 

[0 0 19] ^mmiLy^y^nm^otMmn-mt 
mi^(Dm^mMfA± y ^y ^m^^mM^^fj^hM^x 
^^(Dm<itmz^mx^^. ^^om^mi^m^ij^ 
mbixhib^ t^Mmmw,<^^^<o^mp^m)£i3 \z 

M.\zmt^tmimmm^m^wm^^mmL. v so 



i^W4-2 43 9 78 

8 

Mtx^^o :^^mz^mr^L>t)m^mm\^^^^ 
- hm\z^nuEm^m^^\ffxm^mzmmLft^(o 

»ttl9®«i:^^&^fff S Cite J: Ott^t-^ C tt^ 
lyt^m^\tS,?, TimosheiUto&r^.M. Geere. 
rs^ttS^^i^^ta (Theory of Elastic Stabilit 
V) } . (McGraw Hill, 19 6 1 ^W) xmfKK 

m^nx\i^^. Emmz^»^vt:>m&(om\u^m 

\U.O. EvansRW.W. Hutchinson. mtBm\Z^»^ 
1limtW<Dmi^\Z^^^X (Od the Mechanics of Dela 
ninatiOQ and Spalling in Coiopressed Films) Int. 
J. Solids Structures (1 9 8 4^) . 2 0« (5 
#) , 4 5 5-- 4 6 6^-e^'t?i>«r$nTVi«.o 

[0 0 2 0] bibmfSiommt-'^ ch-a) , 
7c mMx\tiE:^m»{sim > m^nm^iPi^mmt 
UT»<2:t?5ti?^^« nm^^^i)^^if^mzWthMv 
x^r). c;i\zm^t^c c(omm\m4\z^tX5\z 
^^m\z^f7f3:^-o>mfmx\t^r\zm^, ^ 

i^nxit^tti+mz^^i^^^ X(D^'^^m(o± 

&m\z^n\z^m^^f)^ibx^^. ^^ox. ^rx\tit. 
m<om3\z^^'f^j!^timmt^'snf3s,^\ hsjc^i- 
x^\zmi)^mm>^MnxLi:^f)^^^m^. »m\zx 
K^m^<D9[^mmz:^\^^xt^Mm»^h <rut>t> 
mmb) s ^nifi^m±tvt>mmzx^Wim^i»^ 
TSo ^m-^mz^^if^^mtma m^i) tmwr 

\zm^xm^ftm»\zimifemommm^»\z± 
[0 0 2 1] K (mmrn) \t^ti\zm^i£mi^i3ifi» 

0^-y.(DM^U.^mM (circular solution) \tm^ 
[0 0 2 2] 

O^m. ^^>7^f?2^$n;t&lfBc^«^k=14,6 8 

ik\tmmmzmhftmm:^n^m<ft9b\z 

mtS^^^ytJV CBessel) MSC)5>^)**en<5H 

$1^. ^ (1) \tbt:)mmm^'^-( x<Dmx\t^r 
i)^mmtmm^n^^&:t<Dm<Dm\z^iEt^i&^ 
9m(Dm\zmz^zt^^bx\^^^c xic (d \mm 
t t'Yy^mEi^m^Lt>m^ft^i:(oVk&zm 
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(6) 



4^^^4-2 4 3 9 78 



9 



10 



10 



[0 0 2 3] siRtttt, ^^ymmm-^'^v^v^^m 

[0 0 2 4] ai*S5BlMlCDB5S$^Sfc-r^fc«?), «l 
^ $ ti S -fe ^ ^ y ^ X 57)raSgM&<Jlc5l 

m \zmm fcgat set laij^^s n s wajo^ ^ oassiiH 
:Lt\z^^m^mzmm^n^. 

[0 0 2 51 S^^^m.--^<J)m^(0m.tl(D^^\ti5y7s 

t r (l-<o)(2 r Lvcofi^ Par) 
10 7?L 



20 



[0 0 2 6] e(^i^m^?l«j«H'\^3teira?^flccDSa 
RUmz:if^^^<0^U<0^^^n^'f'^^^1t}sf)y-i^ 
-omm (Darcys Lav) fC»:^(.iTJS0S$-&fc* 
>y-coaft!l®'vcD^gajSSd 1 /d t « 
[0 0 2 7] 
[ft2] 

dt 1 

a<5>K»ffi*, \mv[t\zWLmmwmzBmt^^ 

[0 0 2 8] * (2) «gS*|6i(cM1-Si£:d^i3P;6* 

[0 0 2 9] ^^^im^(Dt>r^^>^)V (pore cha 
noel) CO^Sr ?£#iai/;^t«'& (A.E. Scbeideggar. 
r^TLl^lKMSaiir^atno^jS^ Clhe Physics of 
FloTThrough Porous Medla)j (The KacUillaD Co.. 
19 6 D^fll) . 6 8'-9 O'^'i—:^), ±|BSiSieDa 
D=r*(l-p)/20 (3) TS$n. p = pi 

[0 0 3 0] AF\mm^nMms^\zmm^m>^ 

^^\zWKmi&:^r^y). 

[%3] 



+ Pa 



(4) 



5(7 



[0 0 3 1] * (3) t (4) SS; (2) fcftAU ft 
[1S:4] 



(5) 



ffl^n?S:Vid^&. S (5) \t 

[0 0 3 2] 
[»5] 

t r(l-/?) 2TLycosg 
10 ni 



(6) 



[0 0 3 3] -^<Di^^t}y\z^^m^(o(^mz:^i^^ 
X. ^m<Dm'^\mmo^:^m\z}tmr^. a; (a) 



z,t\z^K^«:mh»i>ct%ix<»miy^^ztr^ 
^. m6\mArmmn\zm^ t ^ 3 oi^om'^o^ 
7X«[#:)te« (ni)miktbX(DSm(O'fayhx^ 
So (r) , *asjs*« (1 -p> dixfm»/m 
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^P|:sp4-2 4 3 9 7 8 



11 



12 



[0 0 3 4] (6) (»:0 6ic^*rffiMt;:^$n^<J;5 leOs.. ^Mti-n^ \^mA.\tl^^)::i>ti-)U ^ 

[0 0 3 5] ^mmtm^mmmm^'\z^m^'^ft4¥ n^\f>rtii!i^(om»(OK6tmw(^mzm^^^^ft^\z& 

T-:fmm.m\z^oi^^ztii^r^^. ^mM^^c^mm [o 0 4o] mM^u>^- 

mi^(Dmmmmm^z^/x\t^vmf^um\tm^-^n 10 im^^&mr^^y^v^mzmi^^zhfi^i:^^ 

&«^i-^o '>f3i<iL^ho'C(oimmLmmiim^x <D'ty^y^»^<j>'^y^yi;n^m^wmmzmk 

t^\Z^»f£MSLtMmx1k&t^^ Bi*^^ (loadbe [0 0 4 1] 9^\Z. 5 y i^*<OjiM/M> 

aring nim) \Z^^m&L(r>Ni^y 5.vi7W\z9^mmi:^ tT-mommm^ommt^ 0 tim^mfCf. ff^U 

nmm\zi^i5mx\t^m^M^m^t\^ti^^^)vv^(^ tms o nm^mx^m^. ^mmm*tmm\zi^^ 

v^y—^mo^m^ij^^iLitmtm^-^^m^. ^ xm^^^-^t^ mmtm^ o o~9 5 ox^oM-^m. 

(o^%mm\t^x'^>^iL\m^mmzxr^w.^<7>± rfrv^ ^\.x)±-^umz^pn.< t'bi o^m«^t 

^^v!;^m'yL\'mn'mmz^m^¥^tL^mbt^ *^^6!);^^{cffiffiTs-fe^5 ^y^^tt^^MW/H 

\zi^-\z^^L. imm^mmm^<r>^m\zmm\z \*^ztx^^. 

-^^^^zti)^^^, 30 [0 04 2] mmti^yxxh^fmn^>^-<r^^ti 

[0 0 3 7] ^^^v^mmrnvf^mt^-mzymm mmmmm\z^'^n^mmw(j^^m^m±.omm 

i^mmz&.mt^ztii^xt^m^^^^'^y^v n^o ztD-j^mtrnzmm-^. 

i^@ft©tt^{iH*)0«i/XxA4iT^(D*j3HlCMLTft [0 04 3] y^-iii^U< t% 6 0 t:<Datt 

[0 0 3 8] f^^f^^(D±y^y^mmz^W^^yS: «Ftt^^ai^. 

mmmmmmt (d ^ti^f)mm/u>^-(^m 40 [oo44] mn^^'^xh^^^^z^y^v^i^'^^'r 

<J!>^JStS^t^j«**#TT*«Wtcffite$S^t;i(.^M [0 0 4 5] ^t8yH>^-(^«tTi^-f X<i:e^1t<X 

[0 0 3 9] 1¥oT±)S(;)S«P€:*#i:bT, *a«lC 0 . 5- 2 0 5 >T35^o L^S^U;^*^^. 

iOi, caTiOs. srTi03. pbTiOa, Ca mL\^'^t^xwpf^^<^oim^\^^\ ^immtmw^'^ 

ZtOx, BaZrOa, CaSn03> BaSnOs> A 50 7 a y ^Sflctc^T^Jt2^l::iaaH«5T2» 
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(8) 

13 

mm/u >^-(D)i^x^^ms, (Tg) mm^ 

[0 0 4 61 jJ^UT-A-f 

Mnm^\t^mm. mmm. »im. mmi. s&ffjwa 

[0 0 4 7] ^r)B:^^1^^^^^n^ft^\zm 5SS 

xo'ti^^^y^ mm^M vx(i>u <t^5 u 

8 0Sfi%O^7^*y^g#:*fC2 oSfi^J^Tco 

[0 0 4 8] m^\z^^^xm^f^'^^}'^''^nti^'^y^ 

H» . #U75F. S^^i^^Ux-x^k X5^^l/>:t 

UJV7^K, S:i;S>5r;5:7^U;V*';T-^A«t'hU 
':7A-7l^U7^Ul/--h> J}^U (l£IK7;P4^Jl'7^Ul/ 30 
-h) , #U (^£)K7;P:^;M5^iJ?UI/-h) 

UT-Rt/TJV^'iPUT-T^^c X^;V;<^^7UW- 
h t >^ U Ix- h 1 0:3 ij 'T-&i;x5";V7 

^-m^-\iys^yv':rm\yiL^ (siip casting) 

[0 0 4 9] <tDai£JC)a:0, UsaUJa«®«^lf|g4,53 

1 0 o-'OS2%c^Ci'-C8 7;i'+;i' 40 
7^ij ^-h&tK0-5aa3gO7^>©X5^1^>14:^ 

[0 0 5 0] j}^gT-;W>y-f^A>f 
CDt)©«A>f>:^-)J<UV-iO;tf7Xte^iaa[ (Tg) 50 




if*§S¥4-2 4 3 9 7 8 

>z^)Vy^U-h. T)V^)\^^y^y:r.-h. #U7JP^ 
F) . t:HD+>'X5';Wb7;i/=^^;k:7x/-JK.>^7;k 
c:n^<75f^> 'f9^)\'^>pjvy^u-Vi)^m,^v\i 

[0 0 5 1] x-r^Sii 

U-^^^#:«?yA^^*U:/nfcfl^>. My 1 a r^^i^U 
XXT;l'7^;PAXl*Xx>VXMc^±tC«S3g$1i-, * 
ViTWMX yV-^]^tr f^-lfV- H^aa$ti-T«l^ 

f^5Ct*«"Cl?, cn«UsalalcS*"rs*H«fllP^4,53 
[0 0 5 3] fc5«^t:feV^T«. i^-'f\m^m^'r 

-':f\zm\um,mxmmM^xkm^^x>m^^^ 

V^^1t'^y^y^W<7)'^<D^mz^^^xm^-^nhX 
L/fci: ^ 5 y i5J'ffi»ft5)«ldJ<OMco X - YJKISsa 

5. 

[0 0 5 4] 5S$(1B 

ttsit^ws'f'^wK >y-^mmi&om^^\z-s> 
mm^m<r)i^mt±m<o&mzm^T^m^mz^ 



--442— 



( 

15 

53^, AUOs, Ce02, SnOa. MgO. Zr 

CO 0 5 5} mmmt-^m^T--:/. i?i^^-.xh, m 

* L < li^^S/ir ^ 5 y^i^^m\z^n^ v^Tn*^<z> 
(^-f) (0:k^-^^m/b\zV. ^vxm^\z^ 

-mz^m^± y^vi; T-':f\zm^fm u/nw 
[0 0 5 61 c^i^ffi^tsffifg r^Kj t mm^- 

7s hm(D^mmn\m%^mzmm^itwm?u >^ 
^xfi^»^x!^<om^±\z^9m'^mxh^. ^o^^ 
z^tfi^xn. h^^'^\z\mn'^x^xh^%^c -€-co 

m» 536, 535-^fc^mr J:<2i;&5r 

CO 0 5 7] ^^^)^-^M^mio>mfom:^v^^^ 
^xmMm^\zmMmrin,^^'SL<om^^nmz^ 

Y>^-JV (pore escape channel) (SRSXti?Lc^1PI 

n\ifi^u\,\ ^m<omt-7^^y^Mzmau^mr 
ftibiz\m\zmmi^ftx 3 \zmmmm<Dmmmmtm 

^^x. xf^t^vczm. m}<omm\zm^^'7'(D 
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16 

^c<ko»s^n'5c mzt^^j^-^huy^7.^^ti^ 

^immLft»<oB^xmMt^^^:it\tm^x^r^^ 
5f^ztx^^c itrifico^#^%ab?ij5i^e>. la^^e 

>:^)V^^^ftib\zmm^X^^^. 

[0 0 5 8] xmo^m 

^moij&(DiBm^^!Ku^m\tmm^s»ma\z 
^miz-m^'^^ctx^^. ^mm'^^^'y-ht 

O'C^T, ^ViTsr/^j'TS 5 orcDtr-iJ^SRj;:^ 
^it. m^^&tr-^ii*jc3 05^ra«-^. ;^(.^Tj^$ 

v^^mzm:t^^'^\zwiin^. m^th^^hnv^^ 
mm^x\tmmAo^^^'tn\z^-:>x^^fi^^zt 

i)^X^^c 

[0 0 6 0] m^ij^^jr^t. mm\t^(om=^'ffiy 
jimm<DmmzuK>. u'^u^mipZom\z^m/'^'i>if 

%Sffi<:o:»i£tC%d^il (griDdiQg) \t^t>^mSt 
[0 0 6 1] *56PJ«^©±fCJSlRa5«SC»«i614/^^ 

m^g^mm^^f^^itisb\zb\:^v\tmM'^n^c zom 
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(10) 

17 

CO 0 6 3] ®HS#:±TSi«#:r-:/(D*SH*|p|«r 

tg*i3:teos#:±7^-:/ (Tos) m^hm^m^^w 

f^^i¥'r-:ftunmi^^^mzmm'^ii. 

[0 0 6 5] nm^. mni^7—:f/^y^ 
-i^Bit^^mM^:i(j>:^m\z^5-xm'cmm-^. /t 

[0 0 6 6] g^*:«l^-r-6/Vy^r-i>cr)«'&, WHS 



«rW4-243 9 78 
T-^'- (cavity) SrW^. *^§^fCM^Ti)^SSA 1 N 

mf^^^z^^i^y'^-mm^^^m^L. -A^^x-i^it 
f'^-\zmmfi>. SKA 1 Nm^\mm^^m^ 

[0 0 6 8] m^'^^}LX%w^^-^<jym^nn^^ 

Jpf <D W fS^j^SS^JS'&^^t^C # l'^ ^It^Bf^O^H ^ 

^^imi^<omzuz.r^. ^nt'^\^t>^^\zr>t^i^^z. 
tfi^^^c X. /\^'^^)y}^mM<Drc^\z\t:i^:^mz^ 
^^xmmmi^(o<}>r3i< hh\^mf}^¥mx»r). f—^m 
i)wm\zmx^^z.t.fi^miX^^. 

[0 0 6 9] *SgPJ03orotl«*!ai-3lC^f. ;i 

[0 0 7 0] mist-^mmim^'zy^v^'r-:/^ 

[0 0 7 1] ^m^t^^y^T-^m&i^<r>nm (* 

e.xmm^^x^mm^^^o^m\z^m\z-^^^ 
:L(D^^\znmz'^^^v^v^m^^^^)vv\ 
(D}L\z%m^w< ^t\ziiy)'m^u^xmm'^^ 

[0 0 7 2] m2\mmL^m^'ty^v^7'-^m 

wommxh^, 

[0 0 7 3] if^ffl«fc^W^5^i27^'y^S«^7 <^JB^bU 
^> (^Sfl:UT^'5;5^LTV>;^^^0 5 tj^tffi^J^tlf^^ 

3^0#l^«gi&-r:^*5-^^M^3. 'r-::^|[S^5Rt;^ 
[0 0 7 4] m3\t^m (nP) 't:75>;/^«fBffi (&S 
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CO 0 7 5] 7fejK6^-fe95 5/^?-r-yiB.R i^m^LX 
fcS;!)ibTVi/^Vi;5>c73) 5 a, 5 b 3ltK 5 c (1 pJ^ttSg 
S!lS3a, 3 b, 3 cRX^S d t^mzmi-^tlX^^ 

^OLmtmrnms^'ft^iiK wm&m (subass 
embiies) ^mm^^x±i^m^^mm^^^r,tf)^x 

t^aifflB 3 a ^ 3 b SS^J^i*ffl!B^1i-S 

®nc[)i!|«^«ja««!IA^^-fe^5y^^-7«r&5b 
i: 5 c Rt^aiMl 3 c a: 3 d ^mitikmS'^^^ Z. t 

^m^'&^m^^^cti^^x^^. mm^s ^/ux^ 

[0 0 7 6] 

Pont Green TapeT« (»«^-6) :^>eP«l/:t. Sl^ 
[0 0 7 7] IKJBf«Sifl0#^Du Pool Green Xm^m 30 

:f^>^M<r>mmmS^\^U& (W^«7 0t:) tBil 
(«?«^«3ooopsi) xm^mm-^^x^j^yTs^m 

±.^t&mz^^hit. ^nm-^mmu 
h\zmm\zmm'^^it. :ine.o«'&. imm^^mz 
^mm^^^^m<D±Mt&m\znixi\^. "tvx^ma 

[0 0 7 81 aiCO|?Jfi0»Jl-5cO2'' xa' 
rn^O^fCDu Pont 6142 A^^W^mit^m^-^Xi^UT. 



i^lS¥4-2 43 9 7 8 

5 \z^\'^x\t^m^^wmm^m<r>^m(D^^(Dwz 
mmhit. JP$3 5;vco®Mx-::?'04B$&^||o± 

1 6)i?&-)i^«c3 0 0 opsit 7 0*0^1 oj^mmm^ 

'A^^xUm^2'' X2" co:^^$lzi?JE^Lfc. * 

i'^y^-±\zm^. 2 7 sx:ximm/^->roh 

(burn out) -^itft^ ^n^^i2iv^—i!j^i^m^r^\,:^X 
[0 0 7 9] iaiO^Jfi«SJ6-905* X 5" Un^S 

fto5" x5" ^^m^^i^:fy>'^f}^B^^rz. mmm 
Qt7\z^\^^x. mm'r-':f<D3m^mMmm^(D±m 
t&m<Dm:^\zmi;iLft. »:^>xi 4m(D5'-'f^&^ 
<DBtx7 ox:xi oi^mmM^^:^. mmmst9\z 

islxm 0 0 ovsixi ox^x^^mmm-^^ft. -a^^x 
^m<Dmiv'-:ft:^^<D±^t^®(Dm:^\zmnbs 

-^UTziInJgtrl 4lc7)T-:/«ir«7 0'C, 3 000 

T>siXmzmM^'^:ft. 

[0 0 8 0] 0^m^vy^-i;\zm^^n^mmtmiQ 

mt^t)^2 5-2 8 Au^ifc!|fi!Wf^5>^?©;^^->S 

mmwmfi^&mfkm&i<o±mnnm\zr^'Dit, 

»^i^r)^ U^^m±(0t^X\Z:B\1:^m^O^^om 
CDltjSI8g«^ + /-0. 2^;K0«[STai^Ufc. ^1 
\Zmt9^<DUnmm(D^^\Z^^. ^mX3 0 0-^3 

7 8 Oifti6imfii^^ti*Sf]5eb;to 

[ 0 0 8 1 ] ^ 1 ;^¥:^it<S^?^^ It A I / 1 0 

U, ;i::ta n^j^j^c^jg:^tLT60 2o<7)S^b;t^ 

u7./\y^om<oj^mmm<o^itx$>Ki. idi-^-ne 

-l/IBoMJi^f^ ^ i:*tb«btfa« b 

[OO 8 2] 
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u u m ik 


(A 1/1.) 




1 




0.001304 


a 000291 


9 


A ^ *t •% OiH-^ 3CwC7 SWot u' 


ti fniiinii 

U. Uwi4U<l 




3 


2'x2\ 81. 2IBO^ 


0.000285 


a 000401 


4 




-0.00017 


0.000581 


5 


2'x2'. 81. 61*iNJ 


-0.00015 


O.OD0647 


6 


5'x5\ 81. «(ttU 
SQOOpsi-CiER 


aOOZQOD 


0.000265 


7 


5'xS\ 81. ^JI^EU 


0.002&40 


0.000360 



ZOOOpsi-tlKl 

5'xs\ 81. ^/XU 
2Ki«ffiS. SOQOpsi-caMS^^raODOpsi 

2SPmi. 300QpsiT^iiIl<h^::iDOOpsi 

Tssmf^'i 



a 000865 0.000337 



0. 001067 0.000413 



[0 0 8 3] z.ri^onw^m%^tiitm^n.'^mL\t 

^lODu Pont Green TapeT«|ffpa«0. 12(^ (A 1 / 



[gin 



[04] 3iftfll{;:L/*p**T$TV>;a:Vi-fe55yi^/lfifil 
cDllll^m 

[E 6 ] imn< >¥-w&<^n< y9-immwsk 

1 j(^^;^h 

3, 3a. 3b, 3c> 3d ^m^fm 

5, 5 a, 5b, 5c ^^'^'^^v^'r-^^ 

[02] 



3" 



3-8 
"-5 
- 7 



• 
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- 2 4 3 9 7 8 

[^?fB] ¥fiX6^ ( 1 9 94) 




[^^#^1 4 3 9 7 8 

[^mQ]¥m^ (1 992) 9^1 a 
C¥ji#is!] mmm4-2 4 4 0 

[ tiimm^ ] ^mW- 3-256289 

C04B 35/64 L 7305-4C 

35/00 E 8924-4C 

H05K 3/46 H 6921-4E 



mm] w-m^7M5B 
(to. 



e ) ^nmmmm^mm^-b ^ s i>w<Dmm^^ h 
m < mxmjMtf' 6 s -b 7 5 2- t>^<rmmom x - y 

[#M?SiE2] 

[liiE>Ptl^^@«] 0 08 2 

[0 08 2] 
[SI] 



-ffl 1- 



S5 
1 

2 
3 
4 
5 



u n 1^ ix. 
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2'x2\ 8B. 3?!S$#fc. emo&m 

5'x5\ 8^. ^BttU 
SOOOpsi-rffiJB 

2C0Opsir-|S[® 

2mmm. 3ooopsi-e^i<h^(c3ooopsi 

5'x5\ 8®. jfeM^tU 
2^Pgf^@. 3000psiT%«i)3<t^i:lOOOpsi 



0. 001304 0. 000291 

0.001404 0.000245 

0.000285 0.000401 

-0.00017 0.000581 

-0. 00015 0.000647 

0.002000 0.000265 

0.002546 0.000380 

0.000865 0.000337 

0.001067 0.000413 



tbxm-^oQ&mm {m^\Ltj:\.>) btc^moix} pon 

t Green Tape^"gBS,«0 .12CD(Al/lo)<l: + 0. 

[0 08 3 ] •^mnomw^^z^'tomMmmiarf^ 

-li 



^;!^^e>»is$ii. mim^xms.^$tifc^K\§^4:B 

r ^ ^c+^ «S <t 0#r^r m;3cft L. . 
d) mm^mmt^i:}^is\b. ^bx 

iiBficom 

mmm(o±^<Dptj: <ti>io %x$,^mm i is 

0 0-9 0 0 vx$)6mm 7 gfitScD:/? So 

sraiiBteom 

10. ®^fj®«0-i27$ ^iJ'Si^^&iA^-/ 5^. 
A1,0,. CeO,. SnO,, MgO. ZrC BN 

11. ^yly PWt^MmomijO^CO'^^ Xv^ 
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1 Mmoijm, 

13. -fe^S f i'«:*s*glEfi)c*9 5 -J-ol-s 

A 1 ,0,. Si cm'cfic^tihoM^misi.mm^ 

15. *jgEfiSH2-7 5 ■^i'f— 7"©-fe7 5 ■;/i'@ft<!:il 

$^s*5iifiM*?s$iJii© 10-9 o^a%?:«fS-rs 
mm 1 3imoim, 

1 6 . 7^ms.^y i-y^ 7—y'tmm<D'p(Dm^o:> 

¥J^t!i^--9-'fX*n~2 0 5i'O>T*0. ^(O^^ti 

1 9 . mt^<D'ptj: < i 1 o©^M7!)Si;mtt>'N" - > 

*^tjf[Ji 1 73^« 1 8©c^-rnA^-fliB«o:#^. 

2 0. ?{i^fiESr*-¥H-b7 5-y^»**5AI,0,. 
A 1 NSO^S i *>6ia:5SfJ:0S«n*M*4J!P^«:SS!r 

3B1 9feis©m 
51 3tm<Divm. 

2 2. ^-t - >tfi©^mttWif47)s»^X«*©2g^ 

2 3. SR. -'N-^i^'^AXfJJ&n^©^^ 

■C*SB!f«2 2IE$8©5?a. 

2 4. y'pom^mimmxu^omm^w 

2 5. *«Jfi£427 5 •:;i'f--:?'©::J>%< ifelo©)! 

«^©±«:)fi8©maw«it6tt'^-x l-©*fi^fi^^^•^^- 

1 sismoum. 

3a2 5IBSS©:^ffi<, 

2 8. a) n + lffli©Bl»tt?S*iJJl*S!S{CfSn<i 

•C n «iE©lifK-C* 0 . S Hr 7 5 i' »«»|6tt 



0. o*^L/W^-fe7Sf ^'(*®^14jte^>'^•'^>i^■- 
®%$|Jli'^oS3l»5 0 MmtiT-C$>5>4>®<!:L/. 
b) sJ<';v-y?.f>y-^&-fe^5 ■vi'ft (loXtttt 

d ) ^'Km^mm^m^m^^'y 5 ^^^c 1 oxa 

2 9. »l6tt@»!j<>;vwt^>5f-cti{c^tjt$H*yt 

■fe 7 5 i' i«!ESttsi^^N* ^y^-b <Dmm<Lf- 

©iS-^*^6!&:^,^^5l5iE)S-fe7 5 v^f*r*o-r, Hli 

-^^v>i^-«^'^c^l!(3^^fc#N^)s^s«l^*®^«^9»e 

$tt-C*«3. -b^S -^^'^©^ttitiiA'fVi^-®® 

30. a) 5 7^<*©:i>J&< i*>lo©^ 

>d/-©%WJB'^©a2«5 0 um«T'C*4fc© 

b ) mmmi^M^ic^ m< m-xjimif e. t£ mm 

2 9fB«©1t^*«EfiS-fe7 5 'J e/»©S8®m 

3 1 , 5 i'<*©^ffi ( 1 
icais #•5^513 oie*s©:^& 

3 2 . ^!-©iJ>ft < i 1 o®^ffl±CCJiJi©^^W« 

tgtt-c-x h©*Mfi£^<$->*sEnBii3n-ri,>aflini2 

3 3 . mm^^f 9 - >*j-fe ^ 5 i'ft©9fi$ijia©fflij ( 1 
-^xitmm icwmstix^^hmmszm&om-^m 

3 4 . jiK''*" f - >^mm:v^i>mm 3 3 ie®©« 

3 5. mm'^i'->f}minsvi>immsmmo^ 

3 6. -?■©±{^:E^Bl^n/cffi^aSi«m>'^■5»->© 
mijmr>mm3 2x«3 3®i^-rti3!p-3aia«s©«[^ 
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